Objectives: The aim of this study was to use electronic health records (EHRs) from a US dental school clinic to retrospectively investigate associations between periodontal treatment needs and insurance type in a newly insured adult Medicaid population. We hypothesized that newly insured Medicaid patients, covered by the Iowa Dental Wellness Plan (DWP), would display greater need for treatment than patients with other sources of financing. Methods: A retrospective chart review of EHRs of patients at the University of Iowa College of Dentistry and Dental Clinics (UI COD) from 2014 to 2016 was completed. The outcome of interest whether or not a new patient was indicated for scaling and root planing (SRP) based on clinical examination. Logistic regression models analyzed associations between treatment need and source of financing, adjusting for known periodontal disease risk indicators. Results: A total of 1,259 patient charts were evaluated. SRP was indicated for 56 percent of all patients. Patients with DWP coverage had significantly greater unadjusted odds of being indicated for SRP than privately insured individuals (OR = 1.47, P = 0.009). However, this association did not remain significant after adjusting for known risk indicators. Conclusions: Although individuals enrolled in DWP were not significantly more likely to need treatment than individuals with other sources of financing when adjusting for risk indicators, their demonstrated clinical need was higher than privately insured adults. Public benefit programs could anticipate greater burden of periodontal need in low-income populations due to increased prevalence of risk factors in this population.
Introduction
Medicaid is the largest health insurance program in the United States, providing health and dental coverage in 2017 to over a hundred million individuals with disabilities, complex needs, and low incomes (1) . In 2011, children were the largest group of Medicaid enrollees, the second largest were low-income adults, followed by disabled Americans (1) . Prior to 2014, Medicaid provided health coverage only to low-income children, pregnant women, parents of dependent children, disabled individuals, and elderly low-income adults at varying levels of the federal poverty level (FPL) based on each state's discretion (2) .
With implementation of the Affordable Care Act (ACA), states had the option to expand adult Medicaid programs by raising the national minimum income eligibility threshold to 138 percent of the FPL with no categorical restrictions (3) . As of May 2017, 32 states and the District of Columbia were participating in the Medicaid expansion (4) . Since not all states have expanded their Medicaid programs, approximately 28 million nonelderly adults remain without health coverage (5).
Iowa's Dental Wellness Plan (DWP) was implemented in May 2014 and provided dental benefits to the state Medicaid expansion population. Through June 2017, DWP offered tiered levels of benefits, whereby members earned additional covered benefits by maintaining routine dental appointments -a strategy designed to incentivize preventive dental care ( Figure 1 ). However, scaling and root planing (SRP), which is usually the first line of nonsurgical therapy for chronic periodontitis, was not a covered service until members returned for a recall dental visit 6-12 months after the initial examination.
Prior to Iowa's Medicaid expansion, most DWP members lacked dental coverage. A 2015 University of Iowa Public Policy Center survey of a random sample of DWP members found that 82 percent did not have dental insurance prior to becoming eligible for DWP (6) . Due to the DWP benefit structure that delayed first-line periodontal therapy, we were interested in exploring periodontal treatment needs in this population. A 2016 survey of Iowa dentists found that many providers observed need for periodontal treatment among their DWP patients and disapproved of delaying treatment (7) . Pent-up demand for these services could contribute to adverse oral health outcomes, including disease progression, tooth loss, or abscess. Additionally, delayed treatment could contribute to increased medical expenses, especially as periodontal disease has is increasingly linked to systemic health conditions (8) (9) (10) (11) (12) (13) (14) (15) (16) .
The aim of this study was to use electronic health records (EHRs) from a US dental school clinic to retrospectively explore associations between periodontal treatment needs and insurance type in a large cohort of adult patients. Additionally, we explored how systemic health conditions and socio-behavioral factors mediated these associations. These findings have implications for other states' adult Medicaid dental programs and covered benefits.
Methods

Study design and sample population
We conducted a retrospective chart review of EHRs of patients at the University of Iowa College of Dentistry and Dental Clinics (UI COD) (17) . The UI COD patient population was selected since a large proportion of DWP patients receive care at the dental school. Annually, the UI COD has treated approximately 4,000 DWP patients since implementation of the program (unpublished data, 2018). Ethical approval to conduct this study was obtained from the University of Iowa Institutional Review Board.
We identified all new patients of record at the UI COD who received a comprehensive oral evaluation (CDT D0150) from May 2014 through April 2016 in the Oral Diagnosis Clinic. This time period encompasses the first 2 years of DWP implementation. Comprehensive oral evaluations were selected as an indicator of new patients. When an individual is first seen at the UI COD, a comprehensive exam must be conducted in order to develop a formal treatment plan. For patients seeking limited care (e.g., emergencies or outside referrals for specific procedures), a limited oral evaluation (CDT D0140) is performed instead. Patients were included in the study if they were between the ages of 19 and 64 years, to reflect the DWP age limits. Subjects were also required to have at least six teeth present similar to another study that assessed CPITN (18) . Health history and clinical data for this study were retrieved from the college's EHR system (AxiUm, Exan Group, Coquitlam, BC, Canada) in January 2017.
New adult patients seeking comprehensive care are evaluated first in either the Oral Diagnosis Clinic or the Family Dentistry Clinic. Our study population is limited to patients seen in Oral Diagnosis in order to reduce examiner variability. Patients seen in this clinic are examined by third-year predoctoral dental students; all clinical findings are confirmed by supervising faculty members. Faculty members are calibrated using standardized clinic protocols for examination and treatment planning.
Periodontal treatment need
Our dependent variable was whether or not a new patient was indicated for SRP based on whole mouth CPITN score. The CPITN index was originally developed to identify the type of treatment and personnel required to manage periodontal disease for planning purposes in large populations (19) . CPITN scores are based on the presence or absence of bleeding on probing, calculus, restoration overhangs, and probing depths. CPITN scores range from 0 to 4, representing increasing levels of periodontal involvement. These scores correspond to recommended treatment need required in that sextant. CPITN scores of 3 or 4 indicate probing depths of at least 4 mm and a treatment recommendation for SRP (19) (20) (21) .
We calculated CPITN scores based on the initial periodontal exam that every patient receives in the Oral Diagnosis Clinic. All new patients receive a clinical examination to estimate periodontal status using the Modified Periodontal Screening and Recording (MPSR) Index by sextant (22) . MPSR scores are assessed by probing six sites on every tooth in a sextant. Scores take into account probing depth, bleeding on probing, and presence of calculus or restoration overhangs. MPSR scores were recoded into CPITN scores and a single full mouth score was then assigned based on the highest score in the mouth. CPITN scores were then dichotomized into two categories: SRP not indicated (CPITN 0-2) or SRP indicated (CPITN 3-4) ( Table 1) .
Explanatory variables
The primary predictor of interest was patient source of dental financing, categorized as DWP (Medicaid expansion), traditional Medicaid, private insurance, or self-pay. Additional independent variables for this study included demographic characteristics, along with self-reported medical and dental conditions from the EHR. Age was analyzed as a continuous variable and body mass index (BMI) was categorized into four levels based on CDC guidelines (23) . Smoking status was categorized as either current, former, or never smoker (24) . Race was categorized as White, Black, Asian, and "Other or Unknown." Due to small numbers of American Indian and Pacific Island patients, these categories were included with unknown; thus, this category represents a heterogeneous population.
Statistical analysis
In addition to descriptive statistics, bivariate analyses were performed to assess associations between source of financing and population characteristics using chi-square tests and Wilcoxon rank-sum test. Two additional adjusted multivariable logistic regression models were created: Model 2 tested for significant associations between insurance type and periodontal treatment need, while adjusting for age and gender; Model 3 adjusted for age, gender, and other potential risk factors. We checked for multicollinearity in the models using tolerance and Variance Inflation Factor (VIF). A significance level of 0.05 was used for hypothesis tests. All analyses were completed using SPSS Version 24 (Armonk, NY, USA).
Results
A total of 1,876 patients met the study inclusion criteria for age, requisite number of teeth, and comprehensive oral evaluation over the 2-year observational period (Figure 2 ). After removing duplicates and patients with incomplete data, the final sample size was 1,259 (67 percent of the original patient records reviewed). SRP was indicated in 56 percent of the study population (i.e., CPITN scores of [3] [4] . Approximately 29 percent (n = 360) of patients were insured through the Iowa DWP. Table 2 describes the study population with bivariate comparisons by source of funding. The DWP patient population was similar to the Medicaid population with respect to mean age, prevalence of hypertension, salivary dysfunction, and smoking status. However, a significantly greater proportion of the Medicaid population was female (71 percent), compared to the DWP population (56 percent), which reflects Medicaid program eligibility for women who are pregnant or with young children. Medicaid-enrolled patients were also significantly more likely to be obese and have diabetes than the insured groups. Table 3 displays odds ratios predicting need for periodontal therapy among new patients, including unadjusted odds ratios (Model 1). A second model adjusted for age and gender since policy changes to state Medicaid programs may be tailored around age and gender (i.e., pregnant women and mothers). The third model adjusts for age, gender, and other risk indicators. Unadjusted odds ratios (Model 1) indicate that DWP patients, Medicaid patients, and self-pay patients had significantly greater odds of needing periodontal therapy than privately insured patients at the time of initial examination. When we adjusted for age and gender (Model 2), DWP and Medicaid populations continued to demonstrate significantly greater need for periodontal therapy. Patients with DWP coverage had significantly greater odds of being indicated for SRP than privately insured individuals (OR = 1.47 versus 1.0, respectively), as did patients with Medicaid (OR = 1.78).
The final multivariable regression model explored whether differences in periodontal treatment need persisted after adjusting for age, gender, and known risk factors. Although Black race and smoking status were significant predictors of need for SRP (Table 2 , Model 3), payment source did not remain statistically significant. Figure 3 depicts odds ratios and confidence intervals for each model.
Multicollinearity diagnostics did not identify any multicollinearity among predictor variables in the regression analysis. A Hosmer-Lemeshow goodness of fit test for Model 2 (x 2 = 11.6, 8 df, P = 0.17) and Model 3 showed that the models fit the data (x 2 = 6.37, 8 df, P = 0.61).
Discussion
The primary goal of this study was to evaluate the periodontal treatment needs in an adult patient population seen in an academic dental setting, with comparisons by source of financing. We hypothesized that a greater proportion of patients insured through Iowa's Medicaid expansion would present with need for periodontal therapy compared to patients with other payment sources since the DWP population was largely dentally uninsured prior to 2014 (6) . The benefit structure of DWP was designed such that periodontal therapy was not a covered benefit until members demonstrated adherence to routine Overall, this retrospective chart review found that 56 percent of newly admitted patients at the University of Iowa had CPITN scores indicating need for SRP. Within our study population, approximately 60 percent of DWP-and Medicaid-insured individuals presented as new patients with need for periodontal therapy. We found that source of financing was a significant predictor of need for periodontal therapy in multivariable analyses that controlled for age and gender: the odds of needing SRP were 1.47 times the odds among DWP patients and 1.78 times the odds among Medicaid patients than privately insured patients. However, when we controlled for periodontal disease risk indicators such as diabetes and smoking status, source of financing did not remain a significant predictor of need for periodontal therapy.
DWP patients were significantly more likely than privately insured patients to be current smokers (35 versus 16 percent; P ≤ 0.0001). Similar differences were seen among Medicaid-insured patients compared to privately insured individuals: significantly more Medicaid patients reported current cigarette use (33 percent; P ≤ 0.0001). Bivariate comparisons also revealed that the DWP and Medicaid patient populations were more likely to report chronic conditions, including hypertension, salivary dysfunction, and diabetes. These findings are in line with national figures indicating that adults with Medicaid coverage are more likely to report poor health, physical and mental chronic conditions, and limited ability to work due to health conditions compared with privately insured adults (25) .
Our study was limited to patients seen in a single clinic in order to minimize inter-examiner variability and potential for bias. Within this clinic, periodontal screenings are completed by third-year dental students and confirmed by faculty members. According to clinic protocol, 1 mm is considered acceptable variation between observers. Since this was a retrospective chart review, we were unable to assess inter-examiner reliability of the clinical periodontal data. Despite potential concerns about reliability, these clinical observations form the basis for new patients' treatment plans. Thus, our data represent actual treatment need for this study population, which is then reflected in billed services charged to the insurance programs.
This study offers unique insights into the oral health and periodontal needs of a previously uninsured, low-income adult population. Originally, we hypothesized that DWP patients would exhibit greater need for treatment than patients with other sources of financing. Although individuals enrolled in DWP were not significantly more likely to need periodontal therapy than individuals with other sources of financing when we controlled for risk indicators of periodontal disease, their overall demonstrated clinical need was higher than privately insured adults.
An important characteristic of the pathogenesis of chronic periodontitis is that it is dependent on individual systemic and local factors (26) . Inter-individual susceptibility to chronic periodontitis establishment and progression could partially explain our finding that subjects in the DWP study population exhibited similar need for SRP to those individuals with other sources of dental financing after adjusting for risk factors. However, given the higher prevalence of these conditions in the DWP and Medicaid populations, public benefit programs that target these populations should anticipate greater burden of periodontal need compared to other population groups. Failure to provide coverage for periodontal treatment could contribute to oral health disparities in low-income adults.
